A rapid, simple, and accurate counterimmunoelectrophoresis (CIE) technique was developed and compared with the indirect hemagglutination and rapid plate agglutination techniques for serotyping cultures of Pasteurella haemolytica. The CIE test had 100% correlation with the conventional indirect hemagglutination test and, after serum absorption, correctly identified cultures representing the 12 established serotypes and 49 field isolates of P. haemolytica with reasonable rapidity. Cross-reactions were observed in the CIE and rapid plate agglutination tests but not in the indirect hemagglutination test with antisera prepared from the 12 established serotypes. These cross-reactions were eliminated from the CIE test but not from the rapid plate agglutination test by absorption of antisera with cells which possessed the cross-reacting antigens. Avian isolates of P. haemolytica did not type with antisera to the 12 established serotypes by any of the methods. Both homologous and heterologous reactions were observed with these strains in the rapid plate agglutination and CIE tests with antisera prepared from six selected cultures. These results support the previous finding that the taxonomic relationship of these avian strains to P. haemolytica is questionable.
The 12 capsular types of Pasteurella haemolytica were first recognized by an indirect hemagglutination (IHA) procedure with capsular antigens adsorbed to bovine erythrocytes (4, 5) . Later, a rapid plate agglutination (RPA) test was developed to identify the serotypes (8) . The RPA test was simpler and is presently being used more frequently than the IHA test. Recently, a more rapid IHA test was described for typing the 12 established and 3 recently recognized serotypes (9) . All procedures for serotyping P. haemolytica detect soluble, presumably surface antigens (2) .
Based on colonial morphology, fermentation of certain carbohydrates, growth curves, and susceptibility to penicillin, strains of P. haemolytica have been placed in two groups, biotype A and biotype T (3). Within 10 days of incubation, biotype A ferments arabinose but not trehalose, whereas biotype T ferments trehalose but not arabinose. However, strains of P. haemolytica of avian origin have been found to be biochemically variable and serologically untypable (2) . P. haemolytica has been associated with bovine pneumonic pasteurellosis, popularly called shipping fever. It is acknowledged that within biotype A, serotype 1 is most frequently associated with bovine pneumonic pasteurellosis. Of the remaining serotypes, 2, 7, and 11 within biotype A and 3, 4, and 10 within biotype T are infrequently recovered from cattle (2) .
Counterimmunoelectrophoresis (CIE) has been used to identify a variety of bacterial antigens, including the capsular antigens of Haemophilus influenzae (13, 14) , Pasteurella multocida (6), pneumococci and meningococci (16) (10, 15) , only the 12 established serotypes were included in this study.
Typing antisera. Antisera to the 12 serotypes and to six avian isolates were prepared in the rabbits as described by Biberstein et al. (4) except that tryptose agar (Difco Laboratories, Detroit, Mich.) was used to grow the cultures. Two healthy, adult New Zealand white rabbits were used for each antigenic preparation. At 6 days after the final antigen dose, the rabbits were exsanguinated, and antisera were collected and stored at -60°C.
IHA procedure. The IHA procedure adapted to a microtiter system was used as described by Biberstein (2 Titration of antisera. Twofold serial dilutions of the sera were made in 0.85% NaCl containing 1:10,000 thimerosal. The IHA and RPA tests were performed in the same manner as described previously. Titers were expressed as the reciprocal of the highest serum dilution at which positive agglutination occurred.
CIE. The CIE test was performed by the method of Cho and Greenfield (7) as described by Carter and Chengappa (6) . Cultures were grown on fresh blood agar plates for 18 h, and the growth was harvested with 5 ml of 0.85% NaCl. The suspension was heated at 56°C for 30 min, and bacteria were 18 -h tryptose broth (Difco) culture which possessed the appropriate cross-reacting antigen were harvested by centrifugation at 10,000 x g for 15 min. Cells were washed and suspended in 0.15 M NaCl to a turbidity corresponding to a no. 10 McFarland nephelometer tube. Cell suspension (3 ml) was centrifuged at 5,000 x g for 30 min, and the pellet was suspended in 0.5 ml of a 1:16 dilution of the antiserum to be absorbed. After 2 h of incubation at 37°C in a shaker water bath, the mixture was centrifuged at 5,000 x g for 30 min.
Biotyping. Each of the 59 avian cultures and 12 established serotypes was inoculated into tubes containing 1% carbohydrate substrate and 0.15% agar in phenol red broth base (Difco). Substrates used were glucose, lactose, sucrose, arabinose, trehalose, salicin, xylose, mannitol, and sorbitol. Tubes were incubated at 37°C for 10 days before they were observed for pH change. RESULTS Serum titration. The antisera collected from the rabbits were titrated by the IHA and RPA procedures ( Fig. 1 ; Table  2 ). The homologous counterimmunoelectrophoretic patterns of the 12 established types of P. haemolytica are illustrated in Fig. 2 . A distinct line of precipitation was evidenced in the CIE test at an antigen concentration as low as 10 p.g/ml. The counterimmunoelectrophoretic patterns of cross-reacting serotypes 1, 4, and 9, before and after serum absorption, are presented in Fig. 1 .
The distribution of the 109 isolates among the 12 serotypes of P. haemolytica by the IHA, CIE, and RPA procedures is presented in Table 3 . Of the 109 isolates, 49 were typable and 60 were untypable by the IHA and CIE procedures. By the RPA procedure, 43 isolates were typable, and 66 were untypable. None of the 59 avian isolates reacted with the 12 serotype antisera when tested by the IHA, RPA, and CIE procedures ( Table 3 ). The sera raised against six avian isolates reacted with their corresponding homologous antigens in both the RPA (Table 1) and CIE tests. However, because of cross-reaction among these antisera, it was not possible to identify consistent serological patterns among 59 avian isolates. None of the bovine, ovine, or caprine isolates reacted with the avian P. haemolytica antisera (Table 3) .
All 59 avian isolates produced acid from glucose, lactose, sucrose, and mannitol within 5 days of the beginning of incubation but failed to produce acid from salicin after 10 days of incubation. Of the 59 isolates, 40 (67.8%) produced acid from arabinose, 51 (86.4%) produced acid from trehalose and xylose, and 46 (78%) produced acid from sorbitol. 12) J1 (8) .
Of the 50 mammalian isolates, only 1 was not typable by the IHA and CIE procedures, whereas in the RPA procedure 7 isolates were not typable. The distinct advantage of the CIE procedure, besides being rapid and specific, was that more untypable isolates could be typed. The results of the present study also revealed that the CIE test provided a distinct line of precipitation with as low as 10 ,ug of antigen per ml. Whether the CIE test in its original or modified form has a useful role in titrating antigen or antibody seems worthy of further investigation.
The serotyping of avian strains of P. haemolytica by the IHA test was found to be unsuccessful (4) . Frank and Wessman (8) did not include the avian strains in their RPA procedure. The CIE procedure identified six homologous types but failed to establish any patterns among 59 avian strains. Whether a modification of the IHA or CIE procedure will reveal serological heterogeneity among avian isolates remains to be explored.
Of the avian isolates used in the present study, 52% fermented both trehalose and arabinose in 10 days. This suggests that the avian strains of P. haemolytica do not fit the original biotyping concept introduced by Smith (18) . Similar fermentative variations in avian isolates of P. haemolytica have been reported by Heddleston (12) and Harbourne (11) . Although lactose-negative A and T strains of P.
haemolytica have been reported (4, 17) , none of the avian isolates were lactose negative. All 59 isolates fermented lactose within 48 h. The zone of complete hemolysis produced with avian isolates was much wider than that produced with bovine, ovine, or caprine isolates. The pooled results of biochemical and serological studies strongly support the contention that the avian strains are different from the bovine, ovine, or caprine strains of P. haemolytica. Further work is needed to demonstrate their genetic relatedness with the established serotypes before they can be grouped as a new species.
